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(54) Carrier recovery using pilot symbols 

(57) To improve reception characteristics of a radio 
communication terminal sucii as a portable, telephone, 
synchronisation is performed at high speed, in order to 
compensate for a deterioration of transmission quality. 
When receiving a transmitted radio signal, which In- 



cludes a pilot symbol added to transmission data, the 
phase of the pilot symbol is determined from the re- 
ceived signal. A synchronized time of the received sig- 
nal is determined, based on the determined phase of 
the pilot signal. The received signalis demodulated with 
reference to the synchronized time. 
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Description 

BACKGROUND OF THE INVENTION 
- Field of the Invention . ' 5 

[0001] The present invention relatesVto a reception 
method and a receiving apparatus which are applied to 
radrocornnriunicationtenninal devices. More particularly 
but not exclusively, the present invention relates to a re- io 
ception method and a receiving apparatus preiferably 
' applied to a cellular radio cohiniunipation system based 
on CDMA (Code Division Multiple Access) method. 



Description of the Related Art 

[0002]' Recently, a market of mobile communication 
-field makes rapid expansion: There is, however, a prob- 
lem of fading peculiar to digital portable telephone sys- 
tem by radio. ' - 
[0003] In a transnfiission path which is affected by nat- 
ural phenomena, buifdings, etc. and so its state changes 
every mtonrient if a rnobile station such as a portable tel- 
ephone moves while receiving a large number of differ- 
eht electric waves, the f t-equency of electric wave com- 
ing fronn the frorit is raised and the frequency of electric 
wave coming from the r ear i s JoW6red^y^the_^^ 
' :eff ectrCohs^quentlyrth^ 
respectively and combined together, s6 that the ampli- 
tude and phase are distorted, which makes the recep- 
tion leve[fluctUatted.'This phenomenon isjenrned fading 
and causes dkWoration of tranisiriission ^quality.". " 
■ [0004] To compensate for the deterioration of trans- 
mission quality which may be caused by such fading, in- 
the mobile comnnunlcatioh system, for example, convo- 
lution encoding is, perto'rmed on traiismissipn data at a 
base station on the transmitting side arid also data re- 
cording is carried put by" interlea^^ th6 resulting 
encoded b|t sequence is. modulated and thus on infer- ,^ 
mation symbol group is generated. ' . 
[0005] In the base station, a frame consistirig of a pilot 
, symbol is added to the irifpnmatipn; symbol . group 
through another channel and then, trie resultirig trans- 
mission symbjijl group is subjected to filteririg process- 
ing; digital-to-ahal6g conversion processing and fre- 
quency conversjoh processing, Thus, a transmission 
signal of a predetermined frequency channel. is gener- 
ated and trahsmjtted to a portable teieplione through an 
antenna. " " " - 
[0006] By'the way,;th> jDilot symbor which is added 
■ here is a symbol of a predetermined pattern which is 
already known to the portable telephone on the/ecelv- 
ing side.; THe portable telephone is designed torbe, ca- 
pable of estimating characteristics of fading >y,compar- , 
' ing the piibt^;symb6i of the.predetermined pattern Twith 
^ a'pilpt sym^i of reception. data.^ . '^ . . ! ^ 
^ [0007] ' The portabJe telephori'e thiis constnjcted tends 
to b6"affected'by fading' due to 'mufiipath because the 
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characteristics of fading change to a large extent de- 
pending on a nioving speed. This may sometimes raise 
a case where a receiver contained in a the portable tel- 
ephone goes out of synchronism. 
[0008] For this reason, the portable telephone in- 
volves a . problem that it is difficult to compensate the 
, deterioration of transmission quality originated from fad- 
ing which is"variable depending^ on the moving speed 
arid so the reception characteristics cannot be Im- 
prove^d.. . . , 

, SUMMA(=tY OF THE INVENTION . .. \ ' 

- [0009] The present invention has been made in view 
of „the above describedjpoint. and. aims to provide a re- 
ceiving apparatus and a reception method capable of 
'iT^proying the reception characteristics by carrying out 
a fast synchronism decision and compensating for the 
deterioratiori of transmission quality. 
^9.^.** , Aqcording to the present invention, the phase 
of a pilot symbol is decided from a received signal, a 
, syrichronized tincie of the received signal being decided 
based on the decided phase, end theireceiyed signal 
beirig, demodulated vvfth reference to that synchronized 
tirne. ^ ... ^ . " • ... ^ 

[001 lj By arranging in this way, the received signal 
.-can^be_demodulated.at,accurate..timing^based?on^^^t^ 
phase of pilot signal component as a reference. 
[0P12]. .The invention will now be described by way of 
: ^*^^'^P!® With, reference to the.acconnpanying drawings, 
.throughput which like parts are referred to.by like refer- 
ences, and, in which: 

BRJEEDESCRI^^^^^ 
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FIG. 1 is an explanatory diagram, showing a struc- 
ture example of a digital portable telephone system 
according to an. ernbodinnent of .the present inven- 

tiori;, , _ . . - . . .. , 

FIG. 2'is a block diagram showing a structure ex- 
ample of a. base- statiori-according^tp. an, embodi- 
ment of the preserit in ventiori; 
FIG. 3 is an explanatory diagram showing an. exam- 
ple of a slot forrnat of transmission signal according 
to an ernbodiment of the present invention;.. , 
-FIG.. 4 is a block diagrani shqwtrig.a stnjcture ex- 
ample of a temiinal station (portable telephone) ac- 
,cording to an ernbodiment of the priosentjnvention; 
F:IG. .5 is a,block diagrern,shpwing a structure, ex- 
,ampie of a ,synchronisrTi, deciding. circuit in the^ter- 

nrynal.statH3n.o%FiiG..4; ■[ .-.i ^ 

S^/ ?W!anatOjry,diagram.shpwin^^ 

pie of phases .tpj be. decided, by a phase deciding 

circuit,accord|ng,tq an embodiment of the present 

inyerition; and . ^ - - 

FIG. 7 is a flow chart showing an example of syn- 
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chronism deciding processing according to an em- 
bodiment of the present Invention. 

* DESCRIPTION OF THE PREFERRED 
EMBODIMENTTS ' - " " ' 

[0014] An embodiment according to the present in- 

• vention will be descrflDied below with reference to the ac- 
• <;ompahylng drawings. ' • ' * .i . 

[0015] FIG. 1 sHows'the structure of a portable tele- 
phone system of this embodiment. In FIG. 1, a reference 
numeral 1 denotes an entire digital portable telephone 
system. The system Is conriprised of a base station 2 
disposed in each cell provided by dividing an area for 
supplying communication service and a portable tele- 
phone 3 as a mobile "station for making bidirectional 
communication With that base statfon 2, 
• [0016] As shown In FIG'. 1 , a signal which anived from 
the base station 2 at the portable telephone 3 has a plu- 
rality of paths such as path f>1 in whicfV Wiectric wave 

• - from the base station'2"directiy arrives kt the'(J(^able 

ieTephone 3, anoth"erpath"P2 iri which eldstric wavie from 
' the-base statioh2 is reflected'by a buiiding^ 4 an'ifthen 
^ arrives at- th% base sfmion 2/ and "another path P3 in 

- ' which electric wave from the base station 2 i^Veflected 

by an other building 5 and then arrives at the bM^e sta-' 
' tion-2. ^ ' • ' - " V . W-^'i 

[0017]- In-this ^cormectibri, a- transmitting ^^iti^ in the 
digital portable telephone system' 1 -div'iSles terHpqrally 
a channel of a predetemriirtfed frequency by t^h ^r&fne of 
^': a predeterrHmed inter*i^^^al widtK" and >uither-dh/idfes' that' 
frame irito- tinr>e sYots each having apredetermtned time 
width for transmitting a transmi^fdri sign^. In the fol- 
lowing description^ a tinrie slot assigned for transmission 
purposils refer?^-td as'traTisrWissr6n''sfbtarftJ^-'time 
slot of the received frame is referred to as reception slof.' 
[0018] FIG. 2 is a diagram showing the striJCt'ure of 
the base station 2 in the digital portable telephone sys- 
tern V'. As'^howh lh^FlG. 2';'the base station'2 inputs an 
iritormMon bit sequence' SI Swhfch is'trdrisnnis^ion data 
•'into a^con^olutlbh encbder ctrcuit ^'l . ThVcoh volution ' 
encoder circuit 11 includes of a shift regjsteir having a 

• 'predetentiihed huhhbeV o>stages' and an-"exclusive OR 

• 'CiteUrtrexecQtfeg the coftvolutlbrt enc6dJhg''o*n the input- 
ted Information brt sequeTice'HSi and ehcodecJ bit se^ 
q^enceS2'fdari iritfei1eave*bufrer12. - ' 

: [0019} --The»interteaVebufferi2's?ore^theCT^ 

sequence 82 info ah= internal storage area sequentially. 

- If^e encodesd blt sequence "52 *h"as been^ stored in the 
entire storage' krea-(that is|^ the fehcoded bit sequence 
S2 *Jhas -been* ficcunhCjIaTefel- up to'' a- predetermined 

^ amotfnty, ^he"6rdisVof the'^enfeoaed-bft sequence S2 is 
"^rec6rdetf-at fahdohh-(hereinafiBr/^^ rebordlWg is re- 




: ' [0020] = Irfctdentaliyrthe ' ^rtteii^v^'Bdffer'^ t^'s a stor-' 
age capacity siifrtciehffor plural skits^in^dWer that the 
encoded bit sequence S3 can be- distributed " to plural 



transmission slots. 

[0021] The slotting processor circuit 13 divides the en- 
coded bit sequence S3 by the predetermmed bit number 
so as to assign the' encoded bit sequence S3 to trans- 
s mission slots. The resulting encoded bit group S4 is sup- 
plied to a QPSK (Quadrature Phase Shift Keying) mod- 
ulator drcutt 14 in turn. 

[0022], Th^ pPSK mbdulatpf circuit 14 . carries out 
QPSK nriodulat'ion on the respe<^ve encoded bit groups 
10 S4 and supplies the resulting information symbol groups 
S5 resuft to ap' adder circuit. 1 5 in turn. ' . 
[0023] As'showh iri FIG.. 3, the" adder circuit 1 5 adds 
' a pilot synfibpTP supplied fforh a pilot'syrnbol generator 
circuit 1 6 to the'infomriation symbol group S5 divided de- 
'5 pending on transmission §lots and supplies the resulting 
transmission symbol group §6 obtained as a resutt to a 
spectrum spreading processor circuit 1 7 in turn. 
■ ; [0024] In this ciase,.the pilot synpol P which Is added 
"here" is a symbol of a predetermfried known pattern al- 
20*-'=rea'dy know to the portable telephone 3 on the receiving 
side. By usirig the same piiqt symbol P'as a reference, 
the 'receiyinjg side can the characteristics of the trans- 
* rUission path affected by fading and the like. 
i0p25]' The spectaim spreading prpcesaor. circuit 17 
2s performs sjsectrum spreading bperatjon .by rnultipiying 
^ Pr4 (Pseudb Noise) code gerierafed by ah internal PN 

* ' boide genera^r (not sho'vwi) 'and the transmission sym- 
' bfergroups S6 together arid supplies the resulting wide 

^1 ' ^ ban d sp read s ign al 87 .to a^ R F ( Rad io F req u e ncy : . h ig h 
^0 ''freq'^^^^ '\ \ * 

- / j^'lP??] !lT^^®.f*f 'ejr.cu.if 1 8 generates a transmission 
" "'^signal b^ caVry mg out' f llterir) g pperatlo n a rid d ig ita!-to- 
anaiog Convefeioh 'pj-oce^^ the wide band spread 

^ *^'gna' Q^^®'^*^,,^- tf^n^iP'^'PO signal, of a prede- 
3S *te'rmih erff retj u e ncy dh an rie j S 8 by co q veri in g th e above 
Iransnrtission sigharin terms of frequency, and , then it 
' ; trahsmits it' through an ante . 
" * . p)027] "in gferieralj^a nols^'isjritroduced into, the trans- 
^rinisfeirfri signal S8 'transmitted f rbnTfhe fcaa6 station 2 
46" 'and 'al§6 that' sigrlals affected by fading iri space. Spe- 
. cifically, , because _lhe space |n whbh the transmission 

* ■■ '^s^riat SjB'i^ pfopag^^ can be regarded as equisfalent 

tff thfelrar^nriissiori path fi, the trarisniission sigrial .58 
" ' Wfirr^efvg an effect Jronri a fading gerieration source 21 

* m th^fbrm of multrpltcatibn by a multiplier 22 and receive 
^ a niSs^^f rbhV a" notpe generation source '23 in the form 

■ ' bt addi^oh by ati adder 2if when it Is pro 
' '[0(^28] Thb * transrriissi on ,s igria I SB p ropagated 
thr^6ugh the transmission^ path 6 in this way is received 
> by an antenna 3J (see ^IG. 4) of the portable tele'phone 
' ' 3^ as' the 'transmission signal' S& which is' affected by 

riots'^ ^d fading. ' [ ' I ' . ^ 

^'^[0629 j ' Next , th e struct li re of th e' portabl a te lepho n.e 3 
''"S«1ilchl5'6 mb^ will &e described with reference 

-^■'ciW' ^lO'f^*"' *:E^„-liiii ivll-'Jil*::- n * Li;' " -L'jj: I 
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S9 through the antemia 31. into the RF circuit 32. of a 
" fece^tibyi;i)'rc^ess1f^'g si^ti RF circuit's? .'after 
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converting the received signal S1 1 up to base band in 
tenns of frequency, takes out a wide band spread signal 
S12 corresponding to the aforementioned wide band 
spread signal s/ and supplies it to^ an, analog-to-digital 
conversion circuit (A/D circuit) 33. 
[0030] The A/D circuit 33 carries put.analog-to-digrtal 
conversion processing on the wide band spread signal 
S12 and supplies th 6 resulting digital wide bancJ spread 
sighal Sia to a searcher circuit 34 and an inverse 
spreading processor circuits 35, 37 arid 39. 
[0031 ] Next, the searcher circuit 34 is a match ed filter , 
connfprised of plurakstage shift registers, connected in 
parallel and a total adder, which calculates a co n-elation 
value by multiplying a local PN code and the wide band 
spread signal SI 3 together in parallel while shifting se^ 
quentially the phase of local, PN code generated inside 
and adding the result. A tlhrie when the con-elation value 
reaches a peak is notified fo the inverse spreading proc- 
essor circuits 35, 37, 39 and demodulator circuits 36, 
38, 40 as a time when synchronism is acquired. ^ . 
[003i2]' This causes the inverse spreading processor 
39 and the demodulator circuits 36, 38, 
40 to start inverse spreading operation and demodula- 
tion processing based on the time notified from 'the 
searcher circuit 34. ' 
[0033] The inverse spreading processor circuits 35^ 
, _AZ3p P 39 are isupplied with the wide^band spreadsignaL 
S13 in a diyided"manner from the" A/D circuit 33. The 
inverse spreading processorcircuit 35, 37 and 39 gen- 
erate reception symbol groups SI 4, SI 5 arid'S16,cor- 
' responding to th^ trahsnhission symbof group. S6 (^ee 
FIG. 2) generated in the base station 2 by perfomning 
the inverse sp reading ■oi3eratibn. on each^path and sup- 
plies each of them 'td^ the jde'motJulator ^circuits 36, 38.: 
and 40, 'respectively.' ' . ' ' ' \ ' , 

[0034] The demodulator circuits 36, 38 and 40. carry 
out QPSK demodulation processing _on the reception 
'symbol groups S1 4', 815 and 'si 6 arid supp lies the re- 
sulting encoded bit groups SI 7, S18,and SI 9 to syn-_ 
■phronism deciding 'circuits 41, 42,,43 and a rake com-' 
poser 44; Each of the encoded bit groups S1 7, SI 8 and 
S1 9 supplied to the synchronism' deddYhg circuits 41 , 
42, 43 is an encoded bit group of the pilot symtjpl P and 
each bf the enboded ^it groups S.I 7. SI 8, arid SI 9 sup- 
plied to the rake composer 44 Is an encoded bit group 
^ of Informatibh symbol, ' ' ; '. ^ " . . ' [ 
[0035] Iri this cpnnection.'a group (a series) of the in- 
, spreading processor circuit 35, the demodulator 
.f ''^,'i'.'*.36 and the synchroriism. deciding circuit 41is usu- • 
a]ly called a firiger circuit The reception processing sec- 
tion 30 of the portable telephone 3 of thjs embodiment 
is prbyided with, fqr example,.thr^e grbups^f the finger 
circuits pdrresponding to fhe rnuttjpath^ . [ ^ ^ 
[0036] However, because; isome^t^^ 
S9 reaching the pprtable telephone 3^ through yanous 
paths in the muitipath canriot be dernodulated sufficient- 
ly as 'data, a prodessipg to switch a ' path assighecj 'to 
each firiger circuit is necessary! 
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[0037] . The, synchronism deciding circuits 41 , 42 and 
43 detect a phase difference betvveen the phase of the 
pilot symbol supplied from each demodulator circuit and 
a reference. phase obtained from a past demodulation 
history and make the synchroriism decision from the de- 
tepted result The result of synchronism decision is sup- 
plied to a reception processing control section 50: When 
^, the synchronisrn of any path assigned to the respective 
. finger circuits cprnprised of combinations of the. inverse 
spreading, processor circuit 35,and the demodulator cir- 
cuit 36, ttie inverse sprejading processor circuit 37 and 
the demodulator-circuit 38 and the inverse spreading 
processor circuit 39 and the demodulator circuit 40 goes 
off, the reception processing control.section 50 controls 
to switch, the rake composing circuit 44 so that a signal 
of the path out of synchronism rnay not be added. 
[0038] Thus, because conditions of the muitipath 
change instantly when movirig at a predetemnined 
.speed, if the reception processing control section 50 can 
decidejh at synchronism. of any path assigned. to -each 
finger circuit is. off, it controls to switch the ra ke; compos - 
■ ing circuit 44 ^so that a signal of that path may not be 
added. ^ . . . 
[0039] The demodulator circuits 36, 38 and'40 decide 
whether or not phase shift and amplitude shift arise in a 
demodulatjBd result of the pilot symbol Pin the reception 
,^.symboKgroups,S1 4,.S15.arid -SI 6.in=order.to perform a— 
channel estimation. . 

[0040] The modu later circuits 36, 38 and 40 tnvesti- 
. gate.the demodulated result- of tlie pilot symbol P and if 
it, is- decided that a phase shift and amplitude shift occur 
relative to the phase and amplitude: of a reference which 
. they retains^preyipusly, the demodulator circuits 36, 38 
z ^"I^.^O/^store the demodulated result of information 
symbol I following the pilot symbol, P only byithe amount 
con'esponding;to each of the. phase shift and. the ampli- 
tude^shift and then supplies this as. encoded. bit groups 
,Sj17,,S18 and SI 9. to the- rake composer 44. - . " ^ : 
: [00^1];, ..The rake corpposer 44 combines the encoded 
bit groups S1 7, SI 8 and SI 9 supplied from the demod- 
ulator circuits 36, 38 and 40 while making the'different 
arrival time, i.e. phase shift due to the multi-path into a 
synchronous state and supplies the-^resulting encoded 
bit group S20 to,a slotrcpnnecting processor circuit 45. 
[QP4.2] . The slot, connecting processor circuit 45 Is a 
circuit for connecting the encoded bit group S20 ob- 
tained fragmeritarity in a unit of slot, into a continuous 
^signaL After aDDumulating the encoded^ bit group S20 
. only.by the amountajrresponding to a storage capacity 
of a' de interleave buffer pf a dei nterieave 'an d viterbi de- 
coder 46 on the next state, this circuit 46 connects these 
^encoded bit , groups -S20 and-supplies the. resulting en- 
90<;*eclJ>it,seqLjenpe S21. to the deinterteave and viterbi 
; dec.ocJer-46. , . ^. , . : -j- r..^ ; \- ■ :: : - ■ : 
.[0p4,3]. < The deinterteave and viterbi decoder 46 :have 
a storage, capacity corresponding to plural slots and 
.store the supplied encoded bit sequence S21 in an. in- 
ternal storage area sequentially. The encoded bit se- 
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quence S21 is recorded in reverse order to that carried 
out in the interleave buffer '13 of the base station 3 so 

• as to restore it to original arrangerrieht order. Consider- 

- ing thereafter trellis of a convolution code, the most 
probable state is estinnated (so-called maximum likell- s - 
hood sequence estimation)' from' all* state transitions 
which can be taken as data so as to restore transmitted 
informatibn bit sequence S22. ' - 

• [0044] • Although the digital portable telephone system 
r of this embodiment has-been described only aisout 
transmission &nd' reception In' the direcdbn from the 
base station -2 to the portable telephone'3 or in a so- 
called down direction, transmission and reception in an 
:ordinary up direction from* ttie portable telephone 3 to 
*the base station 2 can^also'be camed'out b«;ause the 

base statrbri 2 contains a receivihg circuit'asrweir as th^ " 
portable telephone' 3 contains a transmteirrg circuit In 
actual priiciice. 

[0045] FIG. 5 is a block diagram showing the'stfucture 

- of one of--l»iu synchronism deciding circuits 41:42 and ^ 
" 43:6f this ombodtment. A signal intensity computing cir- ' 

cuit '60 compuibs a signal intensity" of tHe pitoVsynftbol 

• group supplied from the VJeirnbd ulator circuits SSi 38 and 
40 and supplies a signal intensity signal S31 to Vdecid- 

"ing^'circui; 65. — ' * - ' " ^ i '■" . 
[0046]- A rolcrehce phase' computing ■clrcuft''6i' com- 
putes a roloronce phase relative 'to jBie-^iailot-'s'^bol 
.1 prbup supplied fronn the^'dennoc/ulattcfr circuit*^ahd sup- 
plies a reference phase signal S32'i6 aphas&'deb'iding 
circuit 63. : " : i-' -mi ."i -^ ^ {O^'jC" 
' [O047] • ^ The phas§ decidifi'fii circuitsr62, '63" convert yal- ' 
. . ue of a symbol as shown in FIG .~6^& phase^infomnation 
■ \ S83, S34 with respect kT th^pifot sii^bbl' groiJp aWd the ^ 
' ■ reference phase signafl'S32«upp(ietffrbrT^=the'ffefef6nce 
: - .phase computing bircuit.- FIG;' 6 -shows an 'exstrnfi\e of 35^ 
' converting the symbblV^ue to ^ B' phase values -(Phase ' ' 

0-3 5), Althoiigti , in thfe'^exarnple'of Fl6^ fir-a ca6e where 
.-.the phase 'infomnatioh is divided irito^' 16'^ phases is ' 

shown, it-rs-pemifesiBle to obtain the pfiase information 
"by dividing into-other vartoeS^umbfer of phases^thari this 
case?' - ' . -r^;-: J ■ ^ z c- ' t c. ? .k: ■ 

- [0048] i * A phase effof deoiding circuit- 64=-decides the 

- phase inf6fmation-S33 supplied from the ph tee tlecid- 

• - jng.circuftT62baS€fd 6Pi ihfe^fe?erK^ phase IritonVi'ation 

S34 auppliett from; the -'phafee^ deciding 'circuit -63 and 

supplies the phasfe'eiTorfhTormatiori SSSio a becid 
' - - ci rcuit .65.- ' -. * 'j?jC • ■ " - ' i,' r-^r ~c-: *; J t 

: f 0049] '- .The defoidirig circuit 65 performs' th^ syhchro- 

0 hism:decisi6'njbas€d on' inf orfhati6f»-S31 - and S35 sup- 

.:: plied from the signatlntfenfeity cbn^ufihgrctrcult 60^^^^ so 

- . ihe phase error deciding ciffioit '64Histng"th"r&hold val- " 
. lies set-up by the receptibn^ process ing contf (Jl 'Action 
-^Oiilfithe synchronism^goes jafff-tHSHi^beptibn prbceiss- 
•r-mg controi section 50 ddfhtr6ls\6 Sfvvitehfttre afesighment 

from the finger circuit out of synchronism (6^' ftiew^one. 55 
: .'[0050] n . Next, its operi&tlsn wilPbeJaesScribed wW-te^r- ' 
. ence to a flow chart df FiG: 7>First of 'alii' in -ste^SFSl , 

• the signal intensity computing circu it eOcbmptites'ast'g- 



23 



40 



45 ■'" 



rial intensity with respect to the pilot symbol group sup- 
plied from a demodulator circuit 
[0051] Next, in step SP2, the reference phase com- 
putihg circuit 61 cbniputes a reference phase relative to 
the pilot symbol group supplied from, the demodulator 
circuit. .". .-* ^ . * . r- 

[0052]'; In the nejct step SP3, the phase deciding cir- 
cuits 62, 63 convert th^ syrnbols supplied from the pilot 
symbol group and the reference phase computing circuit 
61 to the phase ihfonmation S33, S34. 
[0053J In th^ next;step Sp4..the phase error deciding 
"ciiicult 64" decides ah errpr of ffie phase infomnation S33 

■ sifpplied ffom the phase da^iding circuit 6^. based on 
the refei^erice phase infomiatioh S34 supplied from the 

^phksi^ deciding arcuit 63^ 

■ ^054]^ In the hext step SP5', the deciding circuit 65 
'decides oh syhch ran isrfi based on infornfiation S31 and 
S35 supjslifed frbnri the^gnarintenslty C9mp"uting circuit 
feo art'd'the phase en-or deciding circuit 64 usir\g thresh- 
old' Values (a threshold value of signal intensity and a 
threshold yatue of phase errorj set up by the reception 
processl n g" cb nt(o 1 s^cAao n 50 . If th e synch ro n isni goes 
off, the reception processing control section 50 controls 

; so as to switch the assignm^ni from tlie a finger.circuit 
out of synchroriisifi to a riew one. If the synchronous 
state is rnaintained, the processirigjeturos to step SP1 . 
jh ■ om e r wo>di ,^th e prese nt i n vef)tron takes o nly a .f in ge r 
"sF^nal 4s 'tlie r^deiVjBd signal," Wflich is synchronized in 
jahase artd has a signal intehsjty^ equal to or niore'than 
'a predetfermin^'d thres'h^ ' - 

' [0055] ' 'Abco rdih g to the structu re'and process i hg de- 
scfibeci above, the portabte telephone 3'c^ the 
&yrT(^oribUs stkt6"df the finger itself based'pn "synch ro- 
nismnrifomiatfon supplj^d frqni.the sjjnchr^ d^id- 
' in~g circui"ts"4i; 42, "43 Ihd'execute'the optimum recep- 
tion processing matched with the sUte of a transmission 
path, ^thereby making it possible to much improve a,re- 
ception characteri$fibs wi)^ for.tiijB de- 

terioratiph of transmission q uality.' Further, because syn- 
ch ron isni deci slo h usi n§ received data bhis n bt carried 
'o*m;^time.for restorihg the [fiforrnalSpn bit sequence. S22 
can be redubetl, sb that fast synch rorife^^ can 
be abcditip I is h fed . Paitcu taiiy, iri a co n ventip nal ,rece iv- 
Yhg a^ia^^^^^ of system", synchro- 

nishi Word contained in received data^ is detected from 
a sjghat'c6rnpo&ed'by the rake corhppser |n order to de- 
tect synchronism based on timirig of detecting that syn- 
cliroritsm'wond. ThLs, the multipath fading has also an 
'inftu^nceSn det^idn of sJrhcHronized tinri In thig ^m- 
bodimerit, beti^iuse the'sybfchronized t is' detected 
- directfy from each' path beforfe rake ODmpo^iiig an<i o^^nly 
liiiiB sequence (fihger) ffom \yiiic(i'the synclirpnizecl time 
^could have beeVi 'detected satisfactorily is' employed, 
rapid and satisf^iJ>^ processing ican be carried o^^ 
[WfeS]' "tn the 'i^oVe descn'bed embodirnent,.a;s det^c- 
■tron'-6'f ihe synch ronlized time, phase detection of the pi- 
'liSSsymtfol contained in^ the received si gnaf and'det^c- 
' tidn^f'sighalVntensrVWhicH i£ arii'^litjde jnfql^^ 
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carried out. However, it is permissible to detect the syn- 
chronized time from only detection of the phase in the 
pilot symbol. 

[0057] Moreover, although the above described em- 
bodiment has the structure in which the receiving circuit s 
is provided with plural fingers to ral^e-compose plural fin- 
ger signals, the above described processing of detect- 
ing the synchronized time can be applied to a receiving 
structure which pert omris no rake composing (vector ad- 
dition). It is arranged that processing to receive signal io 
will not be perfonned if not synchronized. i. 
[0058] Having described, in the above described em- 
bodiment, a radio communication tenninal of cellular 
type having a synchronism detecting apparatus which 

is applied to a receiver for receiving a signal spread by is 

a predetemiined spreading code based on CDMA meth- . 
od, the processing may also be applied to a case where , . 
the synchronized time is detected in other type of radio 
system. " , 

[0059] According to the present invention, the phase 
of a pilot symbol is decided from a received signal and 
the synchronized time of the received signal is decided 
based on that decided phase. Then, the received signal 
is demodulated with reference to the synchronized time. 
Consequently, the received signal can be demodulated 
satisfactorily at accurate timing based on the phase of . 2. 
the pilot symbol, so that the reception characte ristics ^ u- 
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[0064] Various different. aspects and features of the 
present invention are defined in the appended claims. 
Combinations of features from the dependent claims 
may be combined with features of the independent 
claims as appropriate and not merely as explicitly set 
out in the claims. 



Claims 



A. reception method for receiving a signal transmit- 
ted by radio with a pilot symbol added to transmis- 
sion data, comprising: ■ , — , 

; . a phase deciding Step of deciding the phase of 
said pilot symbol from a received signal; 
a synchronism deciding step of deciding a syn- 
chronized time of the received signal based on 
. aphase and a reference phase obtained in said 
phase deciding step; and 

, a r;eception processing . step ;of demodulating 
the received- signal. with reference to said syn- 
chronized time obtained in said synchronism 
- deciding step. . :. , . 



csLn be improved effectively. 
[0060] In this case; signal intensity detection for de^ 
tecting the signal intensity of the received signal is car- 
ried out and a synchronized time of the received signal 
is detected based on the phase decision and signal in- 
tensity detection. Therefore, the synchronized time can 
be detected further accurately, so that better demodu-? 
lation can be carried out. 

[0061] Moreover, the plural demodulated signal se- 
quences are rake-composed and the phase decision is 
executed from the received signal of each sequence be- 
fore this rake composing is perfonned. Thus, the syn- 
chronized time of each signal sequence before the rake 
composing can be detected satisfactorily. 
[0062] Furthermore, when deciding synchronism a 
sequence in which the synchronized time cannot be de- 
tected under a predetemiined state, is not rake-com- , 
posed. Consequently, for example, a sequence in a poor 
reception state is not Included in the received data, so 
that the optimum reception processing can be earned 
out irrespective of multipath fading conditions at that 
time and the deterioration of transmission quality is com-, 
pensated, thereby enabling effective improvement of 
the reception characteristics to be made. 
[0063] In so far as the embodiments of the invention 
described above are implemented, at toast in part, using 
software-controlled data processing apparatus, it will be^^ 
appreciated that a computer program providing such 
software control and a storage medium by which such 
a computer program is stoned are envisaged as aspects 
of the present invention. 
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, A,' reception method according to claim- 1 , further 
=^comp^rising,signal:intensity..detecting:Ste^ 
ing a signal intensity of the received signal, wherein 
' thatin said synchronism deciding step in such 
; that the synchronized time of the received signal is 
"'•.detected based on a phase obtained in said phase 
deciding step and a signal intensity obtained in said 
signal intensity detecting step. 

A^reception rnethod- according to claim 1, further 
H cpmPHsing rake composing step of rake-composing 
plural sequences of signals obtained in said recep- 
tion processing step, wherein:,, ■ 
- - ,v.' the phase decision in said .phase deciding 
step is parried oyt from the, received signal of each 
sequence before being rakercomposed in said rake 
composing step. r . "\ 

A receptipn^method according to claim 3, wherein 
sequence In which synchronous time cannot 
. be detectedjn a predetemiined state in said syn- 
■chrpnism deciding step. is npt^cpmposed in said 
.rake, compos ing step.;. » : ^ ^ . n= 

A receiving apparatus for- receiving a signal trans- 
mitted by, radio with a pilot symbol:added to trans- 
mission data ,-. comprisi ng : ^ v ' . • r • ; 

phase deciding means for deciding the phase 
of a pilot symbol from a received signal; 
synchronism deciding means for deciding a 
synchronized time of the received signal based 
on a phase decided by said phase deciding 
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means; and 

reception processing means for demodulating 
the received sighral with reference to the syn- 
chronized time decided by the synchronism de- 
ciding means. : - 5 • - * 



A receiving apparatus according to claim 5, further 
comprising a signal intensity detecting means for ' 
detecting the signal intensity of the received signal, 
wherein ' ■ - - io' 

said synchronism deciding means detects* a 
timing synchronized* time- of the received signal 
based on thfe signal intensify detected by said signal 
intensity detecting nrteans. * ■ ' ' ** - 



.:g 



IS 



7.' 



A receiving apparatus accofdlrvg to'daim 5, furtheV ' 
comprising a rake corhposing means for ral<e-com- 
posing plural sequences of signals demodulated by 
said receptiSn processing 'means, wherein ' 
-the phase decision by 'tlie phase deciding ^ 
means is carried -out from the deceived signal of 
•.-each sequence before' being- rake-composed by 
■/ said rake composing means-.' - " ' - 

8. A receiving apparatus aceordirig to claim 7, wherein ^s' 
a sequence in which the synchronized time 
. . cannot be detected in a predetenmlhed state by said 
^ sy nch ro n ism' d ecrdi n g iti eans ■ is hot cdrnpos ed by 
saidj-ake compos ihg^neahs. ' >^ c*" 

9: A receptionThetKddfdf receiving a mutttpath signal' " 
- ; transmitted with a^ pilot synilxjVaddisfS to^transm is- ' ~ 
sion data, comprising: ■ 'r. : 5!--.. ji'!bi :oc 

a first step of comparing a phase of a received 35- ' 
: signal through respectfvg^ pfeithsH:?'«aid muitif^" 
J ath signal andid rfefererice phase to detect their 

. i synchronism;- - , r 

a second.istepi of ciSnr^'sirig -only' a signal 
through b path 'in "synchronism to generate a 40 
, f .composite received signal "dfeplerrti in g on a syn- " 
: r . chronism detectioriTesuft'detected in said first 

step; and . . - ^ ' > 

a third step of decoding the composite received . 
' ! ■ : signal obtained i^^ said seco'hd step. - ^ ■ 45 ' - - - 

■10. A. reception- nieihdd accbrdiiig ib claim further • ="" ' - 
• comprisin g a f ou rth step of deteciti n g s ign al i nte n- ; • : ■ 
sity of a signal through' '=a-:path ih'- synchronism, ' 
wherein so"'' - . ' 

„ 7i said second step fs' such that ohly a signal" - • • ■- " 

r.. * through a path in :synchr6nism-ahd. having a signal 

intensity greater th^a-pfodetemriihed signal inten- - ■. ' 
sity is composed. 
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